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UHODWLYHO\ ORZ SRVLWLYH SUHGLFWLYH YDOXH >@ &DUGLRWRFRJUDSK\ &7* ZLWK FRQWLQXRXV PRQLWRULQJ RI )+5 DQG
XWHULQHFRQWUDFWLRQV LVZRUOGZLGH WKHPHWKRGIRU IHWDOVXUYHLOODQFHGXULQJ ODERUEHLQJXVHG LQDGGLWLRQZLWK IHWDO









(OHFWURSK\VLRORJLFDO VLJQDOV SUHVHQWHG LQ HDFK PHDVXUHPHQW DUH PDWHUQDO HOHFWURFDUGLRJUDP PHVVDJH I(&*
DQG HOHFWURK\VWHURJUDP (+*ZKLFK LV HOHFWULFDO DFWLYLW\ RI WKH XWHUXV YHU\ LQWHQVH GXULQJ ODERU )HWDO(&* LV
PL[HG ZLWK RWKHU VRXUFHV RI GLVWXUEDQFH OLNH PDWHUQDO PXVFXODU QRLVH UHVSLUDWLRQ VNLQ UHVLVWDQFH LQWHUIHUHQFH
DFRXVWLF QRLVHSURGXFHGE\ IHWDOPRYHPHQWVDQGSRZHU OLQHGLVWXUEDQFH VR IHWDO(&*H[WUDFWLRQ IURPDEGRPLQDO
UHFRUGLQJVRIDPRWKHULVDYHU\FKDOOHQJLQJWDVN
6R IDU GLIIHUHQW VLJQDO SURFHVVLQJ WHFKQLTXHV KDYH EHHQ DSSOLHG IRU WKH H[WUDFWLRQ RI WKH IHWDO (&* IRU QRQ
LQYDVLYH UHFRUGLQJV 2QH RI WKH PRVW FRPPRQ LV ,QGHSHQGHQW &RPSRQHQW $QDO\VLV ,&$ EDVHG RQ YDULRXV
DOJRULWKPVPDWKHPDWLFDOO\GHVFULEHGE\$+\YDULQHQDQG(2MD>@7KH)DVW,&$DOJRULWKPDQG,1)20$;,&$
DOJRULWKP>@DORQJZLWK-$'(,&$DOJRULWKP>@ZHUHVXFFHVVLYHO\XVHGIRU)(&*H[WUDFWLRQIURPPXOWLFKDQQHO
(&* UHFRUGLQJV 7KH ,&$0(50$,' DOJRULWKP ZDV SURSRVHG E\ '( 0DUURVHUR HW DO >@ IRU HLJKW FKDQQHO
UHFRUGLQJV
8WLOL]DWLRQRI,&$DORQHIRUH[WUDFWLRQDQGSURFHVVLQJRII(&*VLJQDOVKDVSUDFWLFDOOLPLWDWLRQVGXHWRYHU\KLJK




)RU H[DPSOHZKHQ IHWDO(&* LV UHFRUGHG LQWUDSDUWXPZLWK D VFDOS HOHFWURGH FKDQJHV LQ WKH7ZDYH DQG WKH67
VHJPHQWRIWKH(&*FRXOGDXWRPDWLFDOO\EHLGHQWLILHGDQGDQDO\]HGXVLQJWKH67$16PRQLWRU>@5HFHQWO\-
5HLQKDUG HW DO >@ UHSRUWHG VXFFHVVIXO QRQLQYDVLYH DEGRPLQDO IHWDO HOHFWURFDUGLRJUDSK\ RQ  SDWLHQWV GXULQJ





7KRVH UHFRUGLQJV ZHUH  DFFHVVHG IURP $EGRPLQDO DQG 'LUHFW )HWDO (OHFWURFDUGLRJUDP 'DWDEDVH DYDLODEOH RQ
3K\VLR1HW>@EHLQJDFTXLUHGLQWKH'HSDUWPHQWRI2EVWHWULFVDWWKH0HGLFDO8QLYHUVLW\RI6LOHVLDE\PHDQVRIWKH
.20325(/V\VWHPIRUDFTXLVLWLRQDQGDQDO\VLVRI WKHIHWDOHOHFWURFDUGLRJUDP,7$0,QVWLWXWH=DEU]H3RODQG











RI EDVHOLQH ZDQGHULQJ DQG FDQFHOODWLRQ RI PRVW RI (+*ZH XVHG D KLJK SDVV ),5 GLJLWDO ILOWHU EDVHG RQ.DLVHU





1H[W IRU UHGXFLQJ KLJK IUHTXHQF\ QRLVHV FRPLQJ IURP PRWLRQ DUWLIDFWV ZH LPSOHPHQWHG D WK RUGHU ,,5
%XWWHUZRUWK EDQGSDVV ILOWHU IURP ')'.DLVHU 'HVLJQ 9, ZLWK D EDQGZLGWK UDQJH RI  ±  +] EHFDXVH WKH
IUHTXHQFLHVRILQWHUHVWIRU34567ZDYHH[WUDFWLRQDUHORFDWHGPDLQO\LQWKLVGRPDLQ
,QGHSHQGHQW&RPSRQHQW$QDO\VLVWHFKQLTXH
,QGHSHQGHQW &RPSRQHQW $QDO\VLV ,&$ LV D VWDWLVWLFDO DQDO\VLV WHFKQLTXH XVHG WR GHFRPSRVH DPXOWLYDULDEOH
VLJQDO LQWR D VHW RI PXWXDOO\ LQGHSHQGHQW QRQ*DXVVLDQ FRPSRQHQWV DVVXPLQJ WKDW WKH PHDVXUHG VLJQDOV DUH D
FRPELQDWLRQRILQGHSHQGHQWVRXUFHVLJQDOVGHVFULEHGPDWKHPDWLFDOO\E\WKH,&$PRGHO>@
[ $ V    
ZHUH [   >[ [ «« [0@7 LV WKH REVHUYHG PXOWLYDULDWH VLJQDO V   >V V «« V1@7 LV WKH RULJLQDO XQNQRZQ
PXOWLYDULDWHVRXUFHVLJQDO 0 LV WKHQXPEHURIREVHUYHGVLJQDOV1 LV WKHQXPEHURIVRXUFHVDQG$ LV WKHPL[LQJ
PDWUL[
7KH DLP RI ,&$ LV WR UHWXUQ WKH OLQHDU XQPL[LQJ PDWUL[ : LQ RUGHU WR DFTXLUH WKH HVWLPDWHG ,QGHSHQGHQW
&RPSRQHQWV\VXFKWKDW
\ : [    
7KH)DVW,&$KDVPRVWRIWKHDGYDQWDJHVRIQHXUDODOJRULWKPVLWLVSDUDOOHOGLVWULEXWHGFRPSXWDWLRQDOO\VLPSOH
DQGUHTXLUHV OLWWOHPHPRU\VSDFHDQG WKH LQGHSHQGHQWFRPSRQHQWVFDQEHHVWLPDWHGRQHE\RQHZKLFK LV URXJKO\
HTXLYDOHQWWRGRLQJSURMHFWLRQSXUVXLQJ>@
7KH $GYDQFHG 6LJQDO 3URFHVVLQJ 7RROER[ SURYLGHG 76$ 7LPH 6DPSOH $QDO\VLV ,QGHSHQGHQW &RPSRQHQW
$QDO\VLV9,ZLWKZKLFKIDVW,&$DOJRULWKPZDVHDVLO\DGRSWHGGXHWRLWVFRQYHUJHQFHVSHHG
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3RVWSURFHVVLQJVWDJH
:DYHOHWV WUDQVIRUP GHQRLVLQJ VWDJH XVLQJ ELRUWKRJRQDO  ZDYHOHW IXQFWLRQ DW ILYH OHYHOV RI GHFRPSRVLWLRQ
LPSURYHG WKH )DVW,&$ H[WUDFWLRQ TXDOLW\ IRU (&* VLJQDOV>@ ,Q RUGHU WR VXSSUHVV ZLGHEDQG QRLVH IURP ,&$
H[WUDFWHGI(&*VLJQDOVZHXVHG8QGHFLPDWHG:DYHOHW7UDQVIRUP8:7IURP:DYHOHW'HQRLVH([SUHVV9,7RJHW
D EHWWHU LGHQWLILFDWLRQRI WKH DFTXLUHG VLJQDO ELRUWKRJRQDO ZDYHOHW ILOWHU DW HLJKW OHYHOV RI GHFRPSRVLWLRQZDV
FKRVHQLWVVFDOLQJIXQFWLRQEHLQJFORVHO\UHODWHGWRWKHVKDSHRIWKH(&*
8QIRUWXQDWHO\DIWHUVXFFHVVIXOO\ZDYHOHW WUDQVIRUPVGHQRLVLQJVRPHQRLVHFRPSRQHQWZDVVWLOOSUHVHQWDQGLQ
RUGHU WR LPSURYHVLJQDOWRQRLVH615YDOXH IXUWKHU ILOWHULQJWHFKQLTXH LVDEVROXWHO\QHFHVVDU\)RU WKLVSXUSRVH












7RHPSKDVL]H WKH VLJQLILFDQFHRI))7,))7 LQ ILJ ZDVSUHVHQWHG DSRVWSURFHVVHG I(&*VLJQDO EHIRUH DQG
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3UHYLRXVVWXGLHV VKRZHG WKDW WKHDYHUDJH7456UDWLRRI WKHIHWDO(&*REWDLQHGGXULQJ ODERU IURPZRPHQ
ZLWKQRUPDOSUHJQDQFLHVUDQJHGIURPWRZLWKDPHDQRI>@$QRUPDO7456DPSOLWXGHUDWLROHVV
WKDQ  SUHGLFWLQJ QRUPDO IHWDO DFLGEDVH VWDWXV  RI WKH WLPH SURYLGHG UHDVVXUDQFH WKDW DQ\ )+5
DEQRUPDOLW\ZDVQRWFOLQLFDOO\VLJQLILFDQW>@,WZDVUHSRUWHGDOVRLQWKHOLWHUDWXUHWKDWWKHIHWXVKDVDIDLUO\VWDEOH
7456 UDWLR WKURXJKRXW ODERU > @ 7KH IHWXV WULHV WR DGDSW WR FKDQJHV LQ LWV HQYLURQPHQW DQGPRVW RI )+5
YDULDWLRQDUHQRWUHODWHGWRR[\JHQGHILFLHQF\
0$2XGMLNHWDO>@UHSRUWHGLQWKHFDVHRIDWHUPIHWXVPRQLWRUHGLQYDVLYHO\ZLWK67$16IHWDOPRQLWRU
WKURXJKRXW ODERUDVXGGHQGURS LQKHDUW UDWH IURP%30WR%30DVVRFLDWHGZLWKD ULVHRI WKH7 456
UDWLRDQGDVKRUWHQLQJRIWKH47LQWHUYDO,QWKLVFDVHDQHPHUJHQF\YDFXXPH[WUDFWLRQZDVSHUIRUPHG,WKDVEHHQ
VKRZQ IURP D FDVH VWXG\ RI  SDWLHQWV WKDW D VLJQLILFDQW VKRUWHQLQJ RI WKH 47 LQWHUYDO ZDV DVVRFLDWHG ZLWK




PRGHUDWH EUDG\FDUGLD )+5 EHWZHHQ  DQG  %30 DORQJ VRPH WHQ VHFRQG LQWHUYDOV XQGHU VWXG\ 3DWLHQW 










)URP ILJ D LW ZDV REVHUYHG IRUSDWLHQW  DQ LQFUHDVLQJGHFUHDVLQJ HYROXWLRQ WUHQG RI 7456 UDWLR EHWZHHQ
YDOXHVRIDQG47LQWHUYDOKDYLQJVLPLODUYDULDWLRQEHWZHHQPVDQGPV,QWKHFDVHRISDWLHQW
7456 UDWLR YDULHG EHWZHHQ  DQG  DORQJ WKH FDUGLDF F\FOHV PRQLWRUHG ZLWK D PHDQ YDOXH RI  47
LQWHUYDO ZDV PDLQWDLQLQJ DSSUR[LPDWHO\ FRQVWDQW DW  PV ZLWK RQH H[FHSWLRQ PV IRU FDUGLDF F\FOH
ORFDWHGDWPLQXWHV

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